The relationship between type 2 diabetes and gout is complex. The objective of this study was to understand the role of diabetes itself and its comorbidities within the association between type 2 diabetes and gout.
INTRODUCTION

G
out is the most common inflammatory joint disease worldwide and affects up to 1-2% of adults in Western societies. 1 The disease has been associated with multiple comorbidities, including type 2 diabetes. However, the relationship between type 2 diabetes and gout is complex as several pathophysiological mechanisms that occur in diabetes can have opposite effects on the risk of gout. [2] [3] [4] [5] On the one hand, diabetes may be associated with an increased risk of gout. As compared with the general population, individuals with type 2 diabetes generally have a higher body mass index (BMI), an increased prevalence of hypertension, 6 and a decline in renal function. 7 These comorbid conditions are well known risk factors of gout. 8, 9 Indeed, higher prevalences of gout have been identified in individuals with type 2 diabetes. 2, 3 On the other hand, studies have shown lower uric acid concentrations in individuals with type 2 diabetes compared with those without diabetes, suggesting a lower risk of gout. 10, 11 Glycosuria, which occurs when blood glucose levels rise above $10 mmol/L, 11 has been suggested to be the underlying mechanism for these low concentrations. 12 An impaired inflammatory response in individuals with type 2 diabetes may further protect against the development of gout. 4 In agreement, a case-control study in The Health Improvement Network (THIN), a British primary care database, has shown that individuals with type 2 diabetes are at a lower risk of gout than controls. 4 This risk was even lower if diabetes was poorly controlled.
In view of the above, the objective of this study was to determine the risk of gout in individuals with type 2 diabetes as compared with population-based controls, and to understand the role of diabetes itself and its comorbidities within gout risk. As it has been suggested that risk factors for gout are more prevalent in women with type 2 diabetes than in men, 13 we additionally investigated potential sex-related differences in the association between type 2 diabetes and incident gout.
METHODS
Data Source
Using data from the CPRD GOLD, we performed a retrospective cohort study. CPRD GOLD contains computerized medical records of general practitioners in the UK and is formerly known as the General Practice Research Database. Currently, the database includes data on more than 13 million individuals from 678 practices in England, Northern Ireland, Scotland, and Wales. The data comprise demographic information, data on lifestyle, prescription details, clinical events, specialist referrals, and hospital admissions and major outcomes. In addition, CPRD GOLD contains data on indicators of the Quality and Outcomes Framework (QOF) since 2004. The QOF is an incentive scheme for general practitioners (GPs) to increase the quality of recording of indicators of various diseases, including diabetes mellitus. This has resulted in the recording of smoking status and body mass index (BMI) of 90-95% individuals in CPRD. For persons with diabetes, the QOF awards recent recording of variables such as HbA1c, eGFR, BMI, and smoking status. The GPRD Group has obtained ethical approval from a multicentre research ethics committee for all purely observational research using anonymized records from the general practice research database. This study was approved by the general practice research database Independent Scientific Advisory Committee.
Study Population
To select individuals with type 2 diabetes, we identified all persons aged 18 years or older who received at least 1 prescription for a noninsulin antidiabetic drug (NIAD) recorded between April 1, 2004 and August 31, 2012. NIADs included metformin, sulphonurea derivatives, incretin agents, meglitinides, thiazolidinediones, and acarbose. The index date was defined as the date of the first NIAD prescription since the start of the study period. The study population included, therefore, both prevalent and incident NIAD users. After start of valid data collection, each NIAD user was matched with 1 randomly selected control by sex, year of birth (within 5 years), and practice. The controls were individuals without an NIAD or insulin prescription during the whole study period. Every control was assigned the index date of its matched NIAD user. All individuals were then followed up from their index date until the date of death, end of data collection (August 31, 2012), the date of transfer of the person out of the practice, or the end date of data collection of the practice in CPRD, whichever came first. At baseline, individuals were excluded from the analysis if they had a history of gout, or if they had used colchicine, allopurinol, probenecid, benzbromaron, febuxostat, rasburicase, sulfinpyrazone, or pegloticase before or on the index date.
Exposure
The follow-up time of the NIAD users was divided into intervals based on the length of NIAD prescriptions, that is, for every prescription a new interval was created. This person-time was classified as ''current NIAD use.'' After a washout period exceeding 90 days, person-time was considered ''past NIAD use.'' When a new NIAD was prescribed, person-time was considered ''current NIAD use'' again. The follow-up time of controls was divided into intervals of 90 days.
Study Outcome and Covariates
Outcome of interest was the first-time clinical diagnosis of gout, identified using READ codes. READ codes are a set of clinical codes used in primary care in the UK for the registration of clinical diagnosis, processes of care (tests, screening, symptoms, patient administration, etc.), and medication. This case definition has previously been validated by analysis of medical records and laboratory results of a sample of 38 antiulcer drug exposed subjects with a first-time diagnosis of gout. 14 The following variables were assessed in the period before the index date, using dummy variables: sex, smoking status (never/ current/past/unknown), BMI (classified according to the World Health Organization), 15 and alcohol use (yes/no/unknown). At each time interval we assessed age, eGFR, and whether individuals had a history of hypertension, underwent a renal transplantation, or had a postmenopausal status/oophorectomy. In addition, the following variables were determined 6 months before the start of each time interval: the use of insulin, thiazide diuretics, loop diuretics, low dose aspirin ( 100 mg), ciclosporin, tacrolimus, or statins.
Statistical Analysis
All statistical analyses were performed with SAS 9.2. Results were considered significant if P value was <0.05. We estimated incidence rates (IRs) of gout between April 1, 2004 and August 31, 2012 in NIAD and non-NIAD users. IRs were calculated as the number of incident cases divided by the total number of person-years (PYs) at risk. Using time-dependent Cox proportional hazard models we estimated hazard ratios (HRs) for the risk of developing gout in NIAD users (with and without insulin use) versus controls, by sex and by age (<50 years and !50 years). The age-sex adjusted hazard ratios (model 1) were first adjusted for smoking status, alcohol use, and postmenopausal status/oophorectomy (model 2). Thereafter, we adjusted for variables that theoretically may act as intermediates, that is, BMI, eGFR, hypertension, and the use of thiazide diuretics, loop diuretics, statins, low-dose aspirin ( 100 mg), renal transplantation, ciclosporin, and tacrolimus (model 3). Model 3 was also repeated in men and women according to age (<50 years and ! 50 years). In addition, to further examine the gout risk in NIAD users, we performed subgroup analyses by HbA1c. We classified HbA1c values into the following categories to increase comparability with a previous study:
14 <6% (<42 mmol/mol), 6-6.9% (42-52 mmol/mol), 7-7.9% (53-63 mmol/mol), 8-8.9% (64-74 mmol/mol), !9% (!75 mmol/mol), and missing. When covariates were missing, the cases were analyzed in a separate ''missing'' group. All analyses were stratified by sex.
To explore the influence of misclassification, we performed a sensitivity analysis in which the case-definition of gout was restricted to those individuals with a diagnosis (READ code) of gout and at least 1 prescription for its treatment: colchicine, allopurinol, nonsteroidal anti-inflammatory drug (NSAID), systemic glucocorticoid, probenecid, benzbromaron, febuxostat, rasburicase, sulfinpyrazone, or pegloticase, within 14 days before or after a registration of a gout diagnosis. The earliest recording of the gout diagnosis or its treatment after the start of follow-up defined the outcome. Figure 1 shows how the final study population was defined. Table 1 shows the baseline characteristics of the study population. Since NIAD users with insulin did not significantly differ from NIAD users without insulin (data not shown), we combined the results of these subgroups into a single NIAD users group. As a result, the cohort encompassed 221,117 NIAD users and a similar number of controls with a mean age of 60.4 AE 15.4 years, of whom 50.6% were women. The mean duration of follow-up was 4.3 years among NIAD users and 4.5 years among controls. On average, NIAD users had a higher BMI, suffered more frequently of hypertension, and more often had used statins. As compared with males, female NIAD users had a higher BMI, more often had an eGFR below 60 mL/min/1.73 m, and more often had hypertension (supplementary Tables 1 and 2 , http://links.lww.com/MD/A379). HbA1c concentrations were slightly lower in women at baseline. In addition, the differences in mean BMI and the proportion of individuals with an eGFR below 60 mL/min/1.73 m 2 in NIAD users as compared with controls were larger in women. Table 2 shows that current NIAD use was associated with a 1.5-fold age-and sex-adjusted increased risk of gout (HR 1.48; 95% CI 1.41-1.54) (model 1). This result only slightly changed after adjustment for confounding variables in model 2, including smoking status, alcohol use, and postmenopausal status/oophorectomy (HR 1.41; 95% CI 1.35-1.47). However, after full statistical adjustment, current NIAD use was no longer associated with an increased risk, but with a 27% reduced risk of gout (HR 0.73; 95% CI 0.69-0.77) (model 3). The following confounders were mainly responsible for this shift: BMI, the use of statins, the use of loop diuretics, and a history of hypertension.
RESULTS
Risk of Gout in NIAD Users as Compared With Controls
Sex modified the association between NIAD use and incident gout (P for interaction <0.001). Although both male and female users of NIADs had a higher age-adjusted risk of gout in comparison with their controls, the increased risk was more pronounced in women ( 
Risk of Gout Among NIAD Users by HbA1c
Exploration of the influence of HbA1c on the risk of gout within NIAD users showed an inverse association between higher HbA1c values and gout risk ( Table 3) . As compared with NIAD users with a HbA1c <6.0% (<42 mmol/mol), the age-and sex-adjusted risk of gout was more than 20% reduced among those with recent HbA1c values of 8.0-8.9% (64-74 mmol/mol) (HR 0.75; 95% CI 0.63-0.90) and even almost 40% reduced among those with recent HbA1c !9.0% (!75 mmol/mol) (HR 0.61; 95% CI 0.51-0.74). Further adjustment in models 2 and 3 gave similar results.
Subgroup analysis by sex, however, showed that higher HbA1c values were inversely associated with incident gout in male, but not in female NIAD users (P for interaction 0.01 for all categories). As compared with male NIAD users with HbA1c <6.0% (<42 mmol/mol), the age-adjusted risk of gout was more than 30% reduced among those with HbA1c values of 8.0-8.9% (64-74 mmol/mol) (HR 0.63; 95% CI 0.50-0.79) and even 50% reduced among those with HbA1c !9.0% (!75 mmol/mol) (HR 0.50; 95% CI 0.39-0.63) ( Table 3) . Further adjustment in models 2 and 3 gave similar results.
Sensitivity Analysis
After changing the case-definition of gout from a READ code for gout to a READ code for gout and a prescription for gout-specific medication, the total number of gout events decreased by approximately 25%. Notwithstanding, after full adjustments, NIAD-users still had a decreased risk of developing gout (HR 0.67; 95% CI 0.63-0.72) as compared with controls. Men had a 40% reduced risk of gout (HR 0.58; 95% CI 0.54-0.63), whereas this was not the case in women (HR 0.92; 95% CI 0.83-1.02). Results were similar for the subgroups analyses according to HbA1c.
DISCUSSION
The relationship between type 2 diabetes and gout is complex. On the one hand, individuals with type 2 diabetes are at an increased risk of gout, possibly due to type 2 diabetesassociated comorbidities. On the other hand, the decreased inflammatory response and the uricosuric effect of glycosuria might protect against the development of gout. This study showed that individuals with type 2 diabetes, especially women, had a strongly increased risk to develop gout as compared with controls. However, this risk can be fully attributed to classic risk factors for gout (high BMI, hypertension, reduced renal function). Interestingly, when taking into account these factors, male but not female individuals with type 2 diabetes were in fact at lower risk to develop gout as compared with controls. The protective effect of type 2 diabetes in men could be attributed to high HbA1c levels.
Our main finding of a 40% increased risk of gout in individuals with type 2 diabetes supports the formerly identified higher prevalence of gout in these individuals as compared with controls. 2, 3 Classic risk factors for gout, which may partly mediate the association between type 2 diabetes and gout, are likely responsible for this additional risk. When accounting for gout risk factors such as hypertension, we found that individuals with type 2 diabetes had a 27% lower risk to develop gout. This finding is in line with the THIN study. 4 Note that comparison of our unadjusted results with the THIN study was hampered due to the direct adjustment for the number of GP visits in the latter. The number of GP visits is a very nonspecific covariate and may reflect the presence or severity of comorbidities, such as hypertension and kidney failure. We want to emphasize that it is difficult to disentangle the role of variables in the association between type 2 diabetes and gout. Factors may theoretically act as a confounder, a mediator, or both. Careful assessment of the respective role may provide a more comprehensive picture of the association between type 2 diabetes and gout and can prevent confounded conclusions.
The role of increasing HbA1c concentrations to explain the reduced risk of gout in individuals with type 2 diabetes has been reported in 2 other studies. 5, 16 The risk of gout was almost 40% HbA1c and incident gout may be caused by the uricosuric effect of glycosuria, which occurs when the blood glucose level rise above $10 mmol/L (HbA1c% 8%). 11 Osmotic diuresis and/or higher filtration rate, induced by glycosuria, may therefore play an important role. 17 An alternative mechanism relates to a newly discovered urate transporter, that is, hUAT.
18 hUAT can be activated by sugars and could, at least partially, explain low uric acid concentrations in the presence of high glucose concentrations. However, the level of evidence for a role of hUAT in the renal urate transport is still weak. Of interest are our sex-stratified analyses of the association between type 2 diabetes and HbA1c on the one hand and incident gout on the other hand. First, we showed that the increased risk of gout was more pronounced in women than in men. In the present study, females with type 2 diabetes had a higher prevalence of classic risk factors for gout as compared with their male counterparts. Also, the risk difference between individuals with type 2 diabetes and controls with regard to gout risk factors such as BMI and the proportion of individuals with an eGFR<60 mL/min/1.73 m 2 was greater in women than it was in men. Less favorable CVD risk profiles in female than in male individuals with type 2 diabetes have been identified by prior studies.
19-21 Second, we showed that after adjustment for classic risk factors, the risk for gout between women with type 2 diabetes compared with controls disappeared whereas the risk of gout in men became lower. Interestingly, further stratification for age (<50 years and !50 years) revealed that women younger than 50 years were also at lower risk of gout compared with women older than 50 years while such difference was not found in men. The decreased risk in men compared with women may be explained by a sex difference in the association between high HbA1c and incident gout in individuals with type 2 diabetes; a significant association between high HbA1c and a decreased risk of gout in men, but no association in women. It is unclear why HbA1c was only associated with a decreased gout risk in men. A possible hypothesis for this sex difference is a different effect of glucose on uric acid reabsorption in the kidney in men and women. The effect of sex on the association between HbA1c and incident gout clearly needs further exploration. The difference between women younger or older than 50-year old might be related to the menopausal status which might influence directly or indirectly the risk of gout. The menopausal status might also influence the risk of gout. 22 Our study had several strengths. First, the findings of this study are likely to be generalizable to the general population as it was performed in a large UK general practice database. Second, a cohort design was used, which is the best observational design for determining the incidence of a certain condition. Third, we used data from 2004 onward. HbA1c and eGFR recordings have improved dramatically since 2004, because of GP?s incentives for routinely recording these data under the QOF. Finally, a validated algorithm (READ codes) for identifying a first-time diagnosis of gout was used.
14 Our study had also several limitations. Despite a substantial number of missing values at baseline, HbA1c was regularly recorded for the majority of the individuals with type 2 diabetes over time. A detection bias may have occurred because persons with type 2 diabetes having higher HbA1c values may more often visit their GP as compared with those who are well-controlled. This could increase the likelihood of being diagnosed with gout. However, we found that in individuals with high HbA1c levels the risk of gout is actually lower. Furthermore, we included only persons with type 2 diabetes who were treated with NIADs or insulin and therefore our results are not applicable to individuals with type 2 diabetes who are not treated with NIADs or insulin. Another limitation is the fact that postmenopausal status is probably under recorded in CPRD as reflected by the small proportion in Table 1 . This may have led to residual confounding. In the same line, individuals with type 2 diabetes have lower numbers of missing values for possible confounders such as alcohol consumption, smoking status, and BMI due to their regular contact with GPs.
In conclusion, our data show that individuals with type 2 diabetes are at an increased risk of gout, and that this association is stronger in women. The increased risk was not caused by diabetes itself, but by the presence of comorbidities such as hypertension and reduced renal function, which may counterbalance the risk reducing effect of HbA1c in individuals with type 2 diabetes. Health-care professionals treating individuals with diabetes should be knowledgeable about diagnosis and treatment of gout, especially in patients with well controlled diabetes. Although it is still heavily debated whether gout or hyperuricaemia are independent risk factors for cardiovascular disease and mortality, 23 such evidence might even change the treatment approach toward a more aggressive use of uric acid lowering drugs in patients with diabetes.
